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ABSTRACT: Development of climatic resilient strategies even at regional levels is of necessity to cope up with climatic
change impacts. This paper highlights wetland restoration along with incorporation of scientific fish farming at village
level as a significant climatic resilient strategy. Geospatial techniques have been considered as tool for degraded regionalwetland
resource mapping and eco management plan development. A comprehensive approach by integrating qualitative as well as
quantitative assessment of wetland is projected through this work. Scientific bodies are recognized to offer consultancy and
monitoring throughout the project phases. Participatory programs with retaining the privileges of traditional local groups
over the regional wetlands areenvisaged as project components. Scope of improved capture fisheries technique towards
ensuring food and nutrition security, along with role of scientific bodies in assisting selection and implementation of proper
aquaculture techniques are also mentioned. Utilization of equipments such as ‘aquatic weed harvesters’instead of manual
removal of aquatic weeds is proposed. Conversion of the harvested aquatic vegetation into climate resilient products such as
biochar, biofuels and value added products are anticipated as sustainable options. The proposed concept model thus includes
regional level wetland resource mapping and restoration, coupled with implementation of scientific fish farming as per the
guidelines and consultation of scientific bodies.
Keywords: Aquaculture, climate resilience, remote sensing, wetland restoration.

INTRODUCTION
Climate changes had created several impacts on
various sectors and accordingly research programs
across the nations are focusing on development of
climate resilient strategies both at regional and global
level. A ‘No Regret’ resilience strategy is more
preferable [1,2], which should have multiple
advantages beyond addressing a specific climate
impact projection. Resilience in fisheries sector is of
greater significance, since it plays a major role in food
security as well as livelihood improvement. Extension
and scaling up of aquaculture practices and
techniquesto moreareas that are not presently
utilized to optimum shall be a feasible option to meet
the global fish supply demand. Wetlands host as
important resources for fish farming as well as
provides habitat for several speciesand hence the
conservation is of high significance owing to its
multiple ecological functions.

*

Wetlands also play significant role in regulating
global climate change by carbon sequestration and
release as well as stabilize the microclimate of the
area. IPCC issues the 2013 wetland supplement[3]to
2006 IPCC guidelines[4], which include updated
information and methodologies for reporting green
house gas emission from wetlands. Accordingly,
pressure to manage the wetland ecosystem shall
mount up on each nation.However, strategies should
focus not only on developing wetlands with reduced
GHG emissions, but also should be comprehensive
by enhancing the wetland ecosystem functions such
as productivity, habitat, biodiversity, recreation,
etc.Manuals are available on measurement of GHG
emissions from various sub sectors of agriculture
including aquaculture [5].
A spatial database of the wetlands of India above
the size of 2.25ha with state wise wetland atlas was
already created using RESOURCESAT-1 LISS III
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remote sensing data at 1 : 50,000 scale, through the
National Wetland Inventory and Assessment
(NWIA) project [6, 7]. The NWIA project reports
extend of wetlands estimated as 15.26 mha and inland
wetlands of the nation as 69.22% of the total wetland
area, whereas the coastal wetland accounts to 27.13%
and remaining 3.64% includes small wetlands that
are less than 2.25ha [6]. In India 5,55,557 small
wetlands were detected and mapped as point
features [7].
Wetland restoration provides immense benefits
in terms of climate change [8]. The response of
wetlands to climate change shall not be uniform and
depends upon location, type, biotic and abiotic
components and several other processes [9]. Owing
to the highly variant climatic zones of the nation,
the regional impact of climatic parameters may also
be diverse, which points out towards the need for
regional level wetland impact projections.Thus region
specific strategies for wetland restoration need to
be developed. The potential of restored wetlands
for aquaculture [10] is of scientific and ecological
interest.
Aquaculture practices are advancing well in many
wetlands across the globe. India being the second
largest aquaculture production country, exhibits
significant prospects in the sector. Conventional as
well as diversified species culture practices marked
significant growth areas of India’s aquaculture
scenario,leading to substantial socioeconomic
benefits along with utilization of un-utilized or
under-utilized land and water resources [11].
In the context of developing strategies for climate
resilient agriculture, wetland restoration coupled
with scientific fish farming is highlighted through
this paper as a prospective concept to enhance climatic
resilience even at regional levels.

Figure 1: Representation of Regional Climate Resilient
Strategy

and other threats or stressors such as floods, storm
water influx, agricultural runoffs, pollutant discharge,
drainage pattern, catchment area status,etc on wetland
ecosystems at village or panchayat level. Though such
regional level qualitative assessment using geospatial
techniques helps to identify and manage the
vulnerable or degraded wetlands, continuous
monitoring of the wetland ecosystem through
quantitative analysis is also of utmost importance
for long-term sustainability of the conservation
efforts. In this context, we propose to incorporate
scientific fish farming with the participation of local
communities or stakeholders in the restored
wetlands, so as to facilitate the development of regular
monitoring system of the health and habitat
suitability of the wetlands. Quantitative analysis of
the wetlands including physicochemical analysis of
water quality, toxicity analysis, etc is of necessity
for scientific fish farming and thus the coupled model
could result in comprehensive qualitative and

RESILIENT STRATEGY
A concept model for wetland restoration coupled
with scientific fish farming as shown in figure.1is
presented through this paper as a promising ‘No
Regret’ fisheries resilience strategy for the nation,
with multiple advantages of GHG emission
reduction, climate resilient product development,
habitat creation for aquatic lives, biodiversity
conservation, capture fisheries improvement,
livelihood supplementation, etc.
Geospatial techniques could be considered as a
tool to assess and project the possible climate related
3440

Figure 2: Spread of water hyacinth in regional water bodies
of Kochi, Kerala;
Photo: The Hindu, 27.10.2015.
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Figure 3: Degraded wetland of Kannur district, Kerala.

quantitative assessment. The proposed model helps
in the continuous eco health monitoring of the
regional wetlands. Regional degraded wetland
resource mapping could be attained by Geospatial
techniques which shall favours further eco
management plans.
The nature and ecological functions of each of
the regional wetlands need to be scientifically
investigated and accordingly ‘Regional Wetland
Restoration Guidelines’ can be prepared for
consideration throughout the project phases. Reports
are available on the assessment of regional wetland
[12] for restoration, by considering the geographical
settings, catchment area, slope, drainage pattern,
sedimentation, land use and water quality
parameters [13, 14]. Figure 2, 3 represents degraded
regional wetlands of Kerala state.
Though scientifically studied regional wetland
‘Kottayam chira’ of Kerala [13,14] was subjected to
the restoration efforts through the ‘Sahasra sarovaram’
project of the state government, the aquatic weed
removal and desiltation were not effectively attempted
at the implementation phase. This highlights the
necessity of incorporation and close monitoring by
scientific body throughout the restoration stages,
which could advocate the need to focus on the health
and habitat of the ecosystem. In the Ramsar guidelines
long-term stewardship was mentioned as one among
the principles for wetland restoration. We envisage
incorporation of scientific fishing project as a long
term stewardship to monitor and conserve the
regional wetland ecosystem as well as to enhance
climatic resilience of fisheries sector. Feasibility and
guidelines for development of suitable fish farming
practices could be offered by the scientific bodies.
Vulnerable or affected communities due to climate
change can be given priority to get associated with
Vol. 33, No. 4, October-December 2015

Figure 4: Silver pompano Trachinotus blochii [17]

multiple phases of fish farming projects so as to
supplement their livelihoods. Case studies on
participatory programs for the management and
conservation could be considered along with
resolving associated issues for the successful
implementation of the project [15]. However care
should be taken not to marginalize the privileges of
individual or traditional group over the wetland
dependency for livelihood. Successful scientific fish
farming projects in restored wetlands could
considerably favour towards the self reliance of
wetland maintenance and development,by allocating
a portion of the generated revenue from the project.
Improving capture fisheries at regional level shall
be a significant step towards combating food scarcity.
Since degraded wetlands are normally unfit for fish
farming practices, the wetland restoration provides
opportunity of new fishing areas and thereby
provides scope for better capture fisheries.
Exploration of coastal, fresh water and estuarine
wetlands for fish farming reduces the overexploitation pressures of oceanic fisheries resources.
Climate resilient as well as stress tolerant fish species

Figure 5: Pearl SpotEtroplus suratensis;
Photo by Saralstalin - Licensed under CC-BY SA 3.0
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Figure 6: Cage culture of finfish in Pokkali Fields of Kerala
by KVK-CMFRI, Kochi

Figure 7: Sea weed culture integrated to cage farming by
CMRFI, Mandapam Research Centre

[16] such as silver pompano Trachinotus blochii, Pearl
Spot Etroplus suratensis, etc shown in figure 4, 5 can
be added as per the health and habitat status of the
wetland. However native fish species shall be
favoured and conserved in the fish farms so as to
enhance the biodiversity profile.
The concerns over aquaculture impacts on wetland
habitat [18] could be addressed at the planning stage
and accordingly sustainable aquaculture with long
term benefits can be implemented.A nation like India
with huge population cannot afford a back foot on
aquaculture practices and hence shouldprogressively
focus on extending sustainable aquaculture practices,
so as to meet the growing food and nutrition
demands of millions. Regional fisheries resilience
with wise use of wetlands shall ensure food and
nutrition security at village levels, whereas the surplus
can be channelized towards global supply chain.
Based on the wetland characteristics, suitable eco
friendly aquaculture techniques can be adopted for
small scale as well as large scale farming practices.
Several reports and guidelines are available [19, 20,
21, 22] which provides valuable insights for planning
the aquaculture practices. Integrated polyculture
farming practices are one among the promising
option and in shallow wetlands of India co-farming
of paddy with fish are in practice [23]. Cage farming
being widely practiced in lakes, ponds and temporary
water bodies poses as a feasible option. Central
Marine Fisheries Research Institute (CMFRI) had
successfully demonstrated under the NICRA project
[24] that cage farming of finfish in pokkali fields of
Ernakulam district, Kerala as shown in figure. 6 could
improve the economies of pokkali rice cultivation
[25].
Integrated Multi Trophic Aquaculture (IMTA) is
another emerging and potential area that could be

considered with significant ecological advantages
also. Mandapam Research centre of CMFRI had
attempted IMTA as shown in figure 7. Competent
fisheries related scientific bodies or agencies could
provide necessary guidelines and monitoring of
suitable aquaculture practices. Scientific guidelines
could be offered for multiple stages of aquaculture
such as choice of species, selection of farming
practice, seed production, spawning enhancement,
stocking, hatchery development, aquatic animal
health, effluent treatment, etc. Scientific consultancy
along with capacity building has to be made as an
integral part throughout the project phases, so as to
enhance the overall sustainability.
The spread of aquatic weeds poses serious
damages leading to degradation of several regional
wetlands. Extend and type of aquatic vegetation can
be considered as an indicator of the aquatic pollution
level. In India, aquatic vegetation accounts for
around 9 and 14% of total wetland area in post
monsoon (1.32 mha) and pre monsoon (2.06 mha)
respectively [6]. It has to be pointed out that the
regional impact of aquatic vegetation over wetland
shall be much higher. The uncontrolled excessive
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Figure 8: Aquatic Weed Harvester;
Photo: www.tradeindia.com
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Figure 9: Biochar from biomass
Photo: Ryan Kendrick Smith/Flickr (CC BY-NC-ND), Oregon
Department of Forestry

growth and spread of aquatic weedssuch as water
hyacinth (Eichornia crassipes)reduces the dissolved
oxygen content, favours the development of anaerobic
conditions, makes the habitat unfit for the aquatic
lives and thereby eventually leads to the degradation
of regional wetland ecosystem. The spread of aquatic
vegetation also causes hindrances to the fishing
practices and thus induces negative impacts to the
livelihoods of dependent fishermen. Removal and
control of aquatic weeds is a challenging necessity
towards restoration efforts. Application of herbicides
is not sustainable and alternative means needs to be
preferred. Though manual removal is tedious and
futile, the utilization of equipments such as ‘aquatic
weed harvesters’ shown in figure. 8 are promising
and can be considered. The equipments are effective
in removing floating as well as submerged aquatic
vegetation to the shore.
CLIMATE RESILIENT PRODUCTS FROM
AQUATIC WEEDS
The sustainable disposal of harvested aquatic weeds
can be attained by its conversion into climate resilient
products such as biochars, biofuels and other value
added products, which provides gain on enhanced
carbon sequestration. Aquatic vegetation biomass can
be pyrolysed into biochar shown in figure 9, which
is considered as a carbon sequestration means.
The C content of the aquatic biomass could be
converted into more stable biochar, which can be
locked beneath the soil for several years through
agricultural applications. Reports are available on
biochar production from aquatic weed Eichornia
crassipes (water hyacinth)[26]and other feed stocks
[27, 28]. Besides, reports are available on the
bioconversion of aquatic biomass into bioethanol
[29, 30]. Cellulosic content of the aquatic biomass
can be converted to glucose followed by
Vol. 33, No. 4, October-December 2015

Figure 10: Bag made using water hyacinth
Photo: http://www.natural-mystique.com

fermentation to bioethanol. Bioethanol production
from aquatic vegetation is also a promising option
towards exploration of alternative energy source to
reduce the burden of fossil fuel combustion along
with additional benefits of pollution abatement
coupled with eco-friendly weed management.
Conversion of aquatic weeds into climate resilient
products [31] and other value added products as
shown in figure. 10 also offers the scope of revenue
generation.
In a restored wetland with aquatic weed removal,
the incorporation of certain fish species shall provide
opportunities for upcoming aquatic weed
management.
CONCLUSION
Wetland restoration coupled with scientific fish
farming is presented as a promising strategy
towards enhancing regional ‘Climate Resilient
Agriculture’. Owing to the vast diversity of the
nation, India can make significant sustainable
aquaculture progress in restored fresh water,
estuarine as well as coastal wetlands. Besides
regional ecosystem improvement, the concept model
foresees increased fish production leading to
enhancement in food and nutrition security.
Scientific bodies could provide necessary guidelines
for regional wetland restoration as well as selecting
suitable aquaculture techniques. Climate resilient
products from aquatic weeds shall provide multiple
benefits towards wetland restoration, sustainable
energy generation as well as carbon sequestration.
The model could be focused to implement at village
or panchayat level, which shall open new horizon
towards climate resilience. The multi stage concept
model shall be a significant step towards climate
resilient cities or villages.
3443

Rojith G and Zacharia P.U.

ACKNOWLEDGEMENT
The concept model is developed as a part of Indian
Council of Agricultural Research (ICAR) sponsored
research project ‘National Innovations in Climate
Resilient Agriculture’ (NICRA) implemented at
Central Marine Fisheries Research Institute, Kochi,
Kerala.
REFERENCES
[1] Shelton. C., (2014), Climate Change Adaptation in
Fisheries and Aquaculture–Compilation of Initial
Examples, FAO Fisheries and Aquaculture Circular
No. 1088. Rome, FAO. 34 pp.
[2] NAAS, (2013), Climate Resilient Agriculture in India.
Policy Paper No. 65, National Academy of Agricultural
Sciences, New Delhi: 20 p.

[11] National Aquaculture Sector Overview Fact Sheets,
(2014), Text by Ayyappan, S. In: FAO Fisheries and
Aquaculture Department [Online], Rome.
[12] Meenu Rani, Pavan Kumar, Manoj Yadav, R. S. Hooda,
(2011), Wetland Assessment and Monitoring Using
Image Processing Techniques: A Case Study of
Ranchi, India, Journal of Geographic Information
System, 3, 345-350.
[13] Amarnath. A., Rojith. G., Adhem Shahin and Rakesh
V.B., (2013), Research Journal of Recent Sciences, Vol.
2(ISC-2012), 245-249.
[14] Rakesh V.B., Adhem Shahin, Amarnath A. and Rojith
G., (2013), Evaluation of Current Environment Status
of Kottayam Chira, International Research Journal of
Environment Sciences, Vol. 2(4), 56-58.

[3] IPCC (2014), 2013 Supplement to the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories:
Wetlands, Hiraishi, T., Krug, T., Tanabe, K.,
Srivastava, N., Baasansuren, J., Fukuda, M. and
Troxler, T.G. (eds). Published: IPCC, Switzerland.

[15] Gawler, M., (2002), Strategies for Wise Use of
Wetlands: Best Practices in Participatory
Management. Proceedings of a Workshop held at The
2nd International Conference on Wetlands and
Development (November 1998, Dakar, Senegal).
Wetlands International IUCN, WWF Publication No.
56, Wageningen, The Netherlands.

[4] IPCC (2006), 2006 IPCC Guidelines for National
Greenhouse Gas Inventories, Prepared by the National
Greenhouse Gas Inventories Programme, Eggleston H.S.,
Buendia L., Miwa K., Ngara T. and Tanabe K. (eds).
Published: IGES, Japan.

[16] Gopakumar G., Abdul Nazar A.K., Jayakumar R.,
Tamilmani G., Sakthivel M., Amir Kumar Samal,
Sirajudeen S. and Thiagu R., (2013), Cadalmin CMFRI
Newsletter, No. 139, Published by Gopalakrishnan
A., CMFRI, Kochi.

[5] Pathak H, Upadhyay RC, Muralidhar M,
Bhattacharyya P and Venkateswarlu B (Eds.) , (2013),
Measurement of Greenhouse Gas Emission from
Crop, Livestock and Aquaculture. Indian Agricultural
Research Institute, New Delhi pp 101.

[17] Gopalakrishnan. A, Broodstock Development and
Seed Production of Silver Pompano Trachinotus blochii,
CMFRI Pamphlet No: 19/2014.

[6] National Wetland Atlas, SAC/EPSA/ABHG/
NWIA/ATLAS/34/2011, Space Applications Centre
(ISRO), Ahmedabad, India, 310p.
[7] Panigrahy Sushma, Murthy T. V. R., Patel J. G. and
Singh T.S., (2012), Wetlands of India: Inventory and
Assessment at 1:50,000 scale using geospatial
techniques, Current Science, Vol. 102, No. 6, 852-856.
[8] Kevin L. Erwin, (2009), Wetlands and Global Climate
Change: The Role of Wetland Restoration in a
Changing world, Wetlands Ecol Manage, 17: 71–84.
[9] Jin C., Cant B. and Todd C., (2009), Climate Change
Impacts on Wetlands in Victoria and Implications for
Research and Policy., Arthur Rylah Institute for
Environmental Research Technical Report Series No.
199. Department of Sustainability and Environment,
Heidelberg, Victoria.
[10] UNEP-MAP RAC/SPA, (2012). Best Practice
Guidelines for Aquaculture and Sustainable
Management in a Mediterranean Coastal Wetland:
Case Study of Donana Marshes (Andalucia, Spain).
By Medialdea, M. Ed. RAC/SPA, Tunis. 30 pp.

3444

[18] Rosamond L. Naylor, Rebecca J. Goldburg, Jurgenne
Primavera, Nils Kautsky, Malcolm C. M. Beveridge,
Jason Clay, Carl Folke, Jane Lubchenco, Harold
Mooney, and Max Troell, (2001), Effects of
Aquaculture on World Fish Supplies, Issues in
Ecology Number 8.
[19] Little D.C. and Edwards P., (2003), Integrated
livestock-fish Farming systems, Food and Agriculture
Organization of the United Nations Rome, ISBN
92-5-105055-4.
[20] Charles C. Ngugi, James R. Bowman, Bethuel O.
Omolo, (2007), A New Guide to Fish Farming in
Kenya, ISBN 978-0-9798658-0-0.
[21] Shamim Rahman, Sumanjit Kakati, Jitendra Kumar
Choudhury, Prabhat Chandra Sarma, Ellora Barua
and Amalesh Dutta, (2014), Ornamental Ichthyo
faunal Diversity of North Guwahati, Assam, India,
IOSR Journal of Agriculture and Veterinary Science,
Volume 7, Issue 4 Ver. II, Pp 10-13.
[22] Tarali Kalita and Kamala Deka, (2013), Ornamental
Fish Conservation in the Flood Plain Wetlands of
Lower Brahmaputra Basin, Advances in Applied
Science Research, 4(5): 99-106.

International Journal of Tropical Agriculture © Serials Publications, ISSN: 0254-8755

Enhancing Regional Climate Resilience of Indian Fisheries through Wetland Restoration and Scientific Fish...
[23] Das D. N., Fish Farming in Rice Environments of
North Eastern India, Aquaculture Asia, (2002), Vol.
Vii No. 2, 43–47.
[24] Najmudeen T.M., Sujitha Thomas, Shoba Joe
Kizhakudan, Rojith G (Eds), (2015), ClimFish
Newsletter Vol. 1, Issue 1, Published by A.
Gopalakrishnan, CMFRI, Kochi.
[25] Shinoj Subramnannian, (2013), Role of Krishi Vigyan
Kendra (KVK) In Fisheries Extension, Winter School
on ICT-oriented Strategic Extension for Responsible
Fisheries Management, pg. no. 327-336.
[26] Ebhin Masto R., Sandeep Kumar , Rout T.K., Pinaki
Sarkar, Joshy George, Ram L.C., (2013), Biochar from
Water Hyacinth (Eichornia Crassipes) and its Impact
on Soil Biological Activity, Catena 111, 64–71.
[27] Aditya Parmar, Prabhat K. Nema and Tripti Agarwal,
(2014), Biochar production from Agro-Food Industry
Residues: A Sustainable Approach for Soil and
Environmental Management, Current Science,
Vol. 107, no. 10, 1673-1682.

[28] Rojith G. and Bright Singh I.S., (2012), Lignin recovery,
Biochar Production and Decolourisation of Coir pith
Black Liquor, Research Journal of Recent Sciences,
Vol. 1 (ISC-2011), 270-274.
[29] Sunitha Mukhopadhyay and Narayan Chandra
Chatterji, (2010), Bioconversion of Water Hyacinth
Hydrolysate into Ethanol, Bioresources, 5(2), 1301–
1310.
[30] Qian Chen , Yanling Jin, Guohua Zhang, Yang Fang ,
Yao Xiao and Hai Zhao, (2012), Improving Production
of Bioethanol from Duckweed (Landoltia punctata)
by Pectinase Pretreatment, Energies, 5, 3019-3032;
doi:10:3390/en5083019.
[31] Zacharia. P.U., Kaladharan. P and Rojith. G., (2015),
Seaweed farming as a climate resilient strategy for
Indian Coastal Waters., The International Conference
on Integrating Climate, Crop, Ecology - The Emerging
Areas of Agriculture, Horticulture, Livestock, Fishery,
Forestry, Biodiversity and Policy Issues., ISBN:
978-81-930585-9-6., pg. 59-62.
���

Vol. 33, No. 4, October-December 2015

3445

